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APPARATUS AND METHOD FOR TRENCH
TRANSISTOR MEMORY HAVING
DIFFERENT GATE DIELECTRIC

THICKNESS

RELATED APPLICATION

This Application 1s a Continuation of U.S. application Ser.
No. 10/612,723, titled “APPARATUS AND METHOD FOR

SPLIT TRANSISTOR MEMORY HAVING IMPROVED
ENDURANCE,” filed Jul. 1, 2003, now U.S Pat. No. 7,095,
075 (allowed) which 1s commonly assigned and incorporated
herein by reference.

TECHNICAL FIELD

The present invention relates generally to semiconductor
memory devices, and 1n particular to floating gate transistor
structures used 1n non-volatile semiconductor memory
devices such as tlash memory devices.

BACKGROUND OF THE INVENTION

Flash memory devices are high density, non-volatile
memory devices having low power consumption, fast access
times and low cost. Flash memory devices are thus well suited
for use 1n a variety of portable electronic devices that require
high density storage but cannot support a disk drive, or other
mass storage devices due to high power consumption or the
additional weight of such devices. An additional advantage of
flash memory 1s that it offers in-circuit programmability. A
flash memory device may thus be reprogrammed under sofit-
ware control while the device resides on a circuit board within
an electronic device.

FI1G. 1 1s a tlash memory cell 10 according to the prior art.
The flash memory cell 10 has a metal oxide semiconductor
(MOS) structure that includes a substrate 12, a pair of source/
drain regions 14, a floating gate 18 overlying a MOS channel
region 16, and a control gate 20 overlying the floating gate 18.
An oxiade structure 22 separates the floating gate 18 from the
channel region 16, and also separates the floating gate 18 from
the control gate 20. For the device shown, the substrate 12 1s
doped with P-type impurities, and the source/drain regions 14
are doped with N-type impurities.

The memory cell 10 may be programmed by applying a
suificiently positive gate voltage V . and a positive drain
voltage V , to the device 10, while maintaining the source
voltage V . at a zero, or ground potential. As charge 1s moved
to the tloating gate 18 from the source/drain region 14, the
device 10 attains a logic state “0”. Alternately, if little or no
charge 1s present at the floating gate 18, a logic state corre-
sponding to “1”” 1s stored on the device 10.

To read the state of the device 10, a positive voltage VCG of
predetermined magnitude 1s applied to the control gate 20,
while VD 1s maintained positive. It the voltage applied to the
control gate 20 1s suilicient to turn the device 10 on, a current
flows from one source/drain region 14 to the other source/
drain region 14 that may be detected by other external cir-
cuits, thus indicating the logic state “1”. Correspondingly, 1f
suificient charge exists at the floating gate 18 to prevent the
device 10 from turning on, a logic state of “0”” 1s read. A logic
state may be erased from the device 10 by applying a positive
source voltage VS to the source/drain region 14 while VCG 1s
maintained at a negative potential. The device 10 attains a
logic state “1” following an erase cycle.

Although the foregoing flash memory cell 10 1s highly
elfective to store a logic state 1n a memory device, 1t has been
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observed that the programming efficiency of the memory cell
10 1s degraded as the number of accumulated program/erase
cycles increases. As a result, the cell 10 may fail after the
number of program/erase cycles exceeds a limiting value,
which 1s termed the endurance limit for the cell 10. Although
the endurance limait 1s relatively unimportant in cases where
the cell 10 1s programmed only once, 1t may be a critical
concern where the device 10 1s erased and reprogrammed
numerous times. The degradation of the programming effi-
ciency 1s believed to result from hot electrons that become
trapped 1n the relatively thin oxide layer separating the tloat-
ing gate 18 from the substrate 12 during a programming cycle,
which permanently damages the oxide layer. In addition,
extremely high electric field strengths are generated during
erase cycles that cause holes having relatively low momen-
tum to become trapped in the oxide layer separating the
floating gate 18 and the substrate 12. As the cell 10 1s sub-
jected to repeated program/erase cycles, the trapped holes
accumulate 1n the oxide layer and thus cause the electric fields
applied during a read cycle to be degraded.

The qualitative etffects of degradation of the flash memory
cell 10 are shown 1n FIGS. 2-4. FIG. 2 compares the perfor-
mance of a non-cycled tlash memory cell 10 with the perfor-
mance of the cell 10 after 1t has been subjected to a substantial
number of erase and programming cycles. As shown 1n FIG.
2, the source/drain current I, for the cycled cell 10 1s signifi-
cantly lower that that obtained from a non-cycled cell 10 for
a comparable fixed control gate voltage V... As a conse-
quence, the determination of a logic state during a read cycle
1s adversely affected due to the lowered source/drain current
in the cycled cell 10. This effect 1s further shown to FIG. 3,
where the source/drain current I 5. of the cell 10 1s observed to
steadily decrease as the number of cycles accumulates on the
cell 10. FIG. 3 also shows that the endurance limit for the cell
10 may occur between approximately 10° and 10° cycles.

FIG. 4 shows the variation of a threshold voltage V -for the
cell 10 as the number of program/erase cycles 1s increased.
The threshold voltage V -1s defined as the minimum required
voltage to turn on a cell 10 during a read cycle. InFIG. 4,V -,
corresponds the threshold value required to turn on the cell 10
when the floating gate of the cell 10 1s charged (indicating
logic state “0”), while V .., corresponds to the threshold value
required to turn on the cell 10 when the floating gate 18 1s not
charged. The difference betweentheV ., andV ., values thus
defines a threshold voltage “window”, as shown in FIG. 4. As
the cell 10 1s subjected to cycling, the “window” becomes
progressively smaller, so that 1t becomes more difficult to
distinguish between the two logic states stored 1n the cell 10.

One prior art solution to the foregoing endurance limit
problem 1s a tlash memory cell having a floating gate asym-
metrically positioned towards the source, with the control
gate overlying the tloating gate and also directly overlying the
channel region of the cell, as disclosed in detail 1n an article by
P. Pavan, et al., entitled “Flash Memories-An Overview”,
IEEE Proceedings, vol. 85, No. 8, pp. 1248-1271, 1997.
Since the programming and erase functions occur 1n the por-
tion of the channel region adjacent to the source, damage to
the gate oxide 1s limited to only a portion of the channel
region.

Although the foregoing flash memory cell arrangement
achieves some increase 1n the endurance limit, the damage to
the oxide layer underlying the floating gate eventually
becomes excessive, so that 1t 1s no longer possible to read the
logic state stored 1n the cell.

Another prior art flash memory cell includes a source
region that 1s surrounded by an N- region to further protect
the source junction of the cell from the large electric field
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strengths that arise when the cell 1s erased. One significant
drawback present 1n this configuration 1s that the source and
drain regions may not be interchanged to extend the endur-
ance of the cell. Further, the asymmetrical arrangement adds
to the overall fabrication costs of the flash memory device.

Accordingly, there 1s a need 1n the art for a flash memory
device having an enhanced endurance limat.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross sectional view of a flash memory cell
according to the prior art.

FIG. 2 1s a graph that qualitatively compares the drain/
source current performance for a cycled and a non-cycled
flash memory cell.

FIG. 3 1s graph that qualitatively illustrates the degradation
of the drain/source current performance as the number of
cycles 1s increased for a flash memory cell.

FIG. 4 1s graph that qualitatively illustrates the narrowing,
of the voltage threshold window of a tlash memory cell as the
number of cycles 1s increased.

FIG. S1s a block diagram of a computer system 100 accord-
ing to an embodiment of the invention.

FIG. 6 1s a block diagram of a memory device according to
another embodiment of the present invention.

FIG. 7 1s a partial schematic diagram of a memory cell
array according to an embodiment of the invention.

FIG. 8 1s a partial 1sometric view of a portion of a memory
cell array according to an embodiment of the invention.

FIG. 9 1s a partial cross sectional view of a memory array
according to an embodiment of the invention.

FIG. 10 1s a partial plan view of a memory array according,
to an embodiment of the invention.

FIG. 11 1s a partial cross sectional view that illustrates a
step 1n a method for forming a memory array according to
another embodiment of the invention.

FIG. 12 1s a partial cross sectional view that illustrates a
step 1n a method for forming a memory array according to
another embodiment of the invention.

FIG. 13 1s a partial cross sectional view that illustrates a
step 1n a method for forming a memory array according to
another embodiment of the imvention.

FIG. 14 1s a partial cross sectional view that illustrates a
step 1n a method for forming a memory array according to
another embodiment of the ivention.

FIG. 15 1s a partial plan view that 1llustrates a step 1n a
method for forming a memory array according to another
embodiment of the invention.

FIG. 16 1s a partial cross sectional view that illustrates a
step 1n a method for forming a memory array according to
another embodiment of the invention.

FIG. 17 1s a partial cross sectional view that illustrates a
step 1n a method for forming a memory array according to
another embodiment of the ivention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention 1s generally directed to semiconduc-
tor memory devices, and 1n particular to floating gate transis-
tor structures used in non-volatile semiconductor memory
devices such as flash memory devices. Many of the specific
details of certain embodiments of the invention are set forth 1n
the following description and in FIGS. 5-17 to provide a
thorough understanding of such embodiments. One skilled in
the art will understand, however, that the present invention
may be practiced without several of the details described in
the following description. Moreover, in the description that
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tollows, 1t 1s understood that the figures related to the various
embodiments are not to be interpreted as conveying any spe-
cific or relative physical dimension. Instead, 1t 1s understood
that specific or relative dimensions related to the embodi-
ments, 1f stated, are not to be considered limiting unless the
claims expressly state otherwise.

The present invention 1s directed towards systems, appara-
tuses and methods for forming floating gate transistor struc-
tures used 1n non-volatile semiconductor memory devices
such as tlash memory devices. In one aspect, the system may
include a central processing umit (CPU), and amemory device
coupled to the processor that includes an array having
memory cells, each cell including a first columnar structure
having a first field effect transistor (FET) formed on 1t and a
spaced apart second columnar structure having a second field
elfect transistor (FET) formed on 1t with a common floating
gate structure interposed between the first columnar structure
and the second columnar structure and spaced apart from the
first and second structures, the floating gate being positioned
closer to a selected one of the first and second structures. In
another aspect, a memory device includes an array having
memory cells having first and second adjacent field effect
transistors (FE'Ts) having respective source/drain regions and
a common floating gate structure that 1s spaced apart from the
source/drain regions of the first FET by a first distance, and
spaced apart from the source/drain regions of the second FET
by a second distance. In still another aspect of the invention,
a method of forming a memory device having a plurality of
interconnected memory cells includes positioning a first
columnar structure on a substrate, positioning a second
columnar structure on the substrate that 1s spaced apart from
the first columnar structure, forming a gate structure between
the first structure and the second structure; and interposing a
floating gate structure between the first structure and the gate
structure and between the second structure and the gate struc-
ture, the floating gate structure being positioned closer to
selected one of the first structure and the second structure.

FIG. 5§ shows an embodiment of a computer system 100
that may use the memory device of FIGS. 6-17 or some other
embodiment of a memory device according to the present
invention. The computer system 100 includes a processor 102
for performing various computing functions, such as execut-
ing specific soltware to perform specific calculations or tasks.
The processor 102 includes a processor bus 104 that normally
includes an address bus, a control bus, and a data bus. The
processor bus 104 1s coupled to a memory controller 106,
which 1s, 1n turn, coupled to a number of other components.
The processor 102 1s also typically coupled through the pro-
cessor bus 104 to a cache memory 107, which 1s usually a
static random access memory (“SRAM™) device.

The memory controller 106 1s coupled to system memory
in the form of a synchronous random access memory
(“SDRAM”) device 108 through an address bus 110 and a
control bus 112. An external data bus 113 of the SDRAM
device 108 1s coupled to the data bus of the processor 102,
either directly or through the memory controller 106.

The memory controller 106 1s also coupled to one or more
input devices 114, such as a keyboard or a mouse, to allow an
operator to interface with the computer system 100. Typi-
cally, the computer system 100 also includes one or more
output devices 116 coupled to the processor 102 through the
memory controller 106, such output devices typically being a
printer or a video terminal. One or more data storage devices
118 are also typically coupled to the processor 102 through
the memory controller 106 to store data or retrieve data from
external storage media (not shown). Examples of typical stor-
age devices 118 include hard and tloppy disks, tape cassettes,
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and compact disk read-only memories (CD-ROMSs). Finally,
the memory controller 106 1s coupled to a basic input-output
(“BIOS”) read only memory (“ROM”) device 120 for storing
a BIOS program that 1s executed by the processor 102 at
power-up. The processor 102 may execute the processor 102
cither directly from the BIOS ROM device 120 or from the
SDRAM device 108 after the BIOS program has been shad-
owed by transierring 1t from the BIOS ROM device 120 to the
SDRAM device 108. The BIOS ROM device 120 1s prefer-
ably a non-volatile memory device according to the present
invention, such as the embodiments of the invention shown in
the memory device of FIGS. 6-17. Memory devices accord-
ing to present embodiments may also be used 1n the computer
system 100 for other functions.

FIG. 6 1s a block diagram of a memory device 200 accord-
ing to an embodiment of the present invention, which may
comprise at least a portion of the memory 108 shown 1n FIG.
5. The memory device 200 includes a memory cell array 210
that includes memory cells comprised of floating gate FET
transistor devices as will be described 1n greater detail below.
The memory device 200 also 1includes an x-gate decoder 230
that provides a plurality of gate lines XG1, XG2 ... XGN for
addressing the cells in the memory cell array 210. A y-source/
drain decoder 240 provides a plurality of source/drain lines
YD1, YD2 . . . YDN for accessing the first source/drain
regions of the floating gate FET transistor cells 1n the array
210. An x-source/drain decoder 250 similarly provides a plu-
rality of data lines XS1, XS2 .. . XSN for accessing second
source/drain regions of the cells 1n the memory array 210. The
x-source/drain decoder 250 may also include sense amplifiers
and input/output (I/0) devices for reading, writing or erasing
data from the memory cell array 210. The memory device 200
turther includes address butifers 220 that receive address sig-
nals A0 . .. AN from the address bus 140 (as shown in FIG. §).
The address bulfers 220 are coupled to the x-gate decoder
230, the y-source/drain decoder 240 and the x-source/drain
decoder 250 to control the reading, writing and erasing opera-
tions on the memory cells 1n the memory cell array 210.

FIG. 7 1s a partial schematic diagram illustrating an
embodiment of the memory cell array 210, as shown 1n FIG.
6. The memory cell array 210 includes a plurality of adjacent
and 1nterconnected memory cells 300 of substantially similar
configuration that extend 1n a first direction along a row of the
array 210 from a cell 300AA to a cell 300AN. The array
turther extends 1n a second direction to a row 300 NA that
turther extends 1n the first direction to a cell 300NN. Each of
the memory cells 300AA through 300NN 1ncludes a pair of
field effect transistors (FETs) 310 having an electrically 1so-
lated floating gate that controls the conduction between the
source and drain regions in the FETs 310. The FETs 310 1n
cach ofthe cells 300 AA to 300 NN share acommon gate, such
as XG1, XG2 ... XGN, and are formed 1in columnar struc-
tures, as described 1n greater detail below.

FIG. 8 1s a partial 1sometric view illustrating a portion of
the memory cell array 210 of FIG. 7. For clarity of illustration,
only memory cells 300AA and 300AB of the array 210 are
shown, and 1n the following description, only memory cell
300AA will be described. It 1s understood, however, that the
array 210 includes a substantial number of cells having a
substantially similar structure, so that the array 210 extends 1n
a first direction (the “x” direction, as shown in FIG. 8), and
also 1n a second direction (the *“y” direction, also as shown 1n
FIG. 8) that 1s substantially perpendicular to the first direc-
tion. The cell 300AA includes a pair of columnar structures
328A and 328B formed on a p-type substrate 320. Each of the
columnar structures 328 includes a first source/drain region
322 comprised of a material having an N+ conductivity that
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extends along the substrate 320 in the x-direction. The struc-
tures 328A and 328B further include a second source/drain
region 326 also having an N+ conductivity that 1s positioned
adjacent to the first source/drain region 322. A separation
layer 324 of material doped to have a conductivity of P- 1s
interposed between the first source/drain region 322 and the
second source/drain region 328.

Still referring to FI1G. 8, the columnar structures 328A and
328B are spaced apart to permit the gate line XG1 to be
positioned between the structures 328 A and 328B. A floating
gate 330 1s interposed between the structure 328 A and the
gate line X(G1, and between the structure 328B and the gate
line XG1. The floating gate 330 further extends below the
gate line X (1 so that the floating gate 330 1s also interposed
between the gate line X(G1 and the underlying substrate 320 to
form a single floating gate 330 between the structures 328A
and 328B. The floating gate 330 1s electrically 1solated from
the gate line X(G1 by a first dielectric layer 340 that 15 inter-
posed between the gate line X(G1 and the floating gate 330.
The floating gate 330 1s further electrically 1solated from the
first structure 328A and the second structure 328B by a sec-
ond dielectric layer 350 interposed between the floating gate
330 and the structures 328 A and 328B. The floating gate 330
1s Turther positioned between the first structure 328 A and the
second structure 328B so that the floating gate 330 1s posi-
tioned closer to the first structure 328 A than to the second
structure 328B, as will be shown 1n greater detail below.
Accordingly, a portion of the second dielectric 350 that 1s
substantially adjacent to the first structure 328A 1s thinner
than a corresponding portion of the second dielectric 350 that
1s adjacent to the second structure 328B. One skilled in the art
will recognize, however, that the thinner portion of the second
dielectric 350 may be positioned adjacent to the second struc-
ture 3288, while a thicker portion of the second dielectric 350
1s positioned adjacent to the first structure 328 A. The tloating
gate 330 may be comprised of a polysilicon matenal that 1s
deposited on the array 210 during a fabrication process, as
will also be described 1n greater detail below. The first dielec-
tric layer 340 and the second dielectric layer 350 may be
comprised of silicon dioxide that 1s grown or deposited during
the fabrication of the array 210, although other similar dielec-
tric materials may also be used.

The second source/drain region 326A of the first structure
328 A and the second source/drain region 326B of the second
structure 328B are mterconnected by a data line YD1 that 1s
comprised ol a metallic or other interconnection line that 1s
substantially electrically 1solated from the underlying topol-
ogy of the array 210. Accordingly, it 1s understood that the
array 210 as shown 1n FIG. 8 may be overlaid by a layer of a
dielectric material (not shown) that includes contact penetra-
tions that are etched in the dielectric material i order to
permit the data line YD1 to be connected to the first structure
328 A and the second structure 328B.

FIG. 9 1s a partial cross sectional view of the memory array
210 that 1s viewed from the section line 9-9 of FIG. 8, and thus
viewed generally parallel to the x-direction shown 1n FIG. 8.
As noted above, the floating gate 330 1s separated from the
first structure 328 A and the second structure 328B by dis-
similar thicknesses of the second dielectric layer 350.
Accordingly, the first structure 328 A 1s spaced apart from the
floating gate 330 by a first distance d,, and the second struc-
ture 328B 1s spaced apart from the floating gate 330 by a
second distance d,, where the first distance d, 1s less than the
second distance d,. In a particular embodiment, the second
distance d, 1s approximately about two times the thickness of
the first distance d,. In another particular embodiment, the
floating gate 330 has a height d, of approximately about 0.1
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um, and 1s spaced apart from the first and second structures
328A and 328B by a first distance d, of approximately about
33 A and a second distance d, of approximately about 66 A.

FIG. 10 1s a partial plan view of the memory array 210
shown 1n FI1G. 9. In particular, the cell 300AA has a pitch that
extends 1n the y-direction of approximately about 2 F, and a
pitch that extends in the x-direction approximately about 2 F,
where F 1s characteristic dimension associated with a mini-
mum lithographic feature size. Accordingly, a logic state
corresponding to a single data bit may be advantageously
stored in an area of approximately about 4 F~. This compares
favorably with a feature size of 8 F* for the well-known folded
array architecture commonly found in DRAM memory
arrays.

The foregoing embodiment provides still other advantages
over the prior art. For example, and with reference again to
FIG. 9, since programming and erase functions are performed
on the first structure 328 A that 1s spaced apart from the
tfloating gate 330 by a generally thinner portion of the dielec-
tric layer 350, charge trapping in the thinner oxide layer will
have only a minor effect on the opposing second structure
328B that 1s positioned adjacent to a generally thicker portion
of the dielectric layer 350 during read operations.

FIGS. 11-16 are partial cross sectional views that illustrate
steps 1n a method for forming a memory array according to
another embodiment of the invention. Referring first to FIG.
11, a substrate 320 formed from silicon and doped to a P-
conductivity 1s used as a starting material. A first source/drain
region 322 1s formed on the substrate 320. The region 322
may be formed on the substrate 320 by 10n implantation or
other similar processes 1n order to attain the desired N+ con-
ductivity. Alternately, an epitaxial layer of N+ silicon may be
grown on a surface of the substrate 320. A separation layer
324 may then be formed on the first source/drain region 322
by an epitaxial growth of P- silicon to a desired thickness. A
second source/drain layer 326 may be formed on the separa-
tion layer 324 by another epitaxial growth of N+ silicon. A
pad layer 400 comprised of silicon oxide may be formed on an
exposed surface of the second source/drain layer 326, which
may be overlayed by a pad layer 420, comprised of silicon
nitride.

Turning now to FI1G. 12, a plurality of first trenches 440 and
a plurality of second trenches 460 are formed 1n the structure
shown in FIG. 11. The first trenches 440 and the second
trenches 460 are formed in the structure of FIG. 11 1n a
direction that 1s approximately perpendicular to the y-direc-
tion and are further substantially mutually parallel. The first
trenches 440 and the second trenches 460 project down-
wardly 1nto the structure to the p-subtrate layer 320. The first
trenches 440 and the second trenches 460 may be formed by
patterning an exposed surface of the structure shown in FIG.
11 with a layer of photoresist (not shown in FIG. 12) to form
an etch barrier having exposed surface portions that coincide
with the intended locations of the first trenches 440 and the
second trenches 460. The substrate material underlying the
exposed surface portions may be removed by plasma etch
methods, or by wet etching method known 1n the art.

Still referring to FIG. 12, the first trenches 440 and the
second trenches 460 are substantially filled with silicon diox-
ide 480 that 1s grown in the first trenches 440 and second
trenches 460 through an oxidation process, or deposited in the
first trenches 440 and second trenches 460 by other well-
known methods. The material positioned between the first
trenches 440 and the second trenches 460 (as shown 1n FIG.
12) 1s removed by forming another etch stop layer of photo-
resist (not shown) and removing the matenial by wet or
plasma etch methods to form voids 500, as shown 1n FI1G. 13.
A bottom portion 510 comprising a silicon dioxide material 1s
formed by oxidation, or other well-known deposition pro-
cesses to form the second dielectric layer 350.
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Retferring now to FI1G. 14, apolysilicon layer 520 1s formed
on the structure of FIG. 13, which extends downwardly into
cach of the voids 500 of FIG. 13. The polysilicon layer 520
may be deposited on the structure by various well-known
methods. An oxide layer 530 1s then formed on the polysilicon
layer 520 by exposing the polysilicon layer 520 to an oxida-
tion process. A polysilicon or metal layer 540 may then be
tformed over the oxide layer 530 by various well-known poly-
s1licon or metal deposition methods.

FIG. 15 1s a partial plan view that 1llustrates the formation
of a plurality of substantially parallel grooves 520 that extend
in the y-direction. The grooves 520 are formed by selectively
ctching the structure shown 1n FIG. 14, so that the polysilicon
or metallic interconnections 330 extend across the grooves
520. The interconnections 530 form the gate lines XGl,
XG2 ... XGN as described 1n detail in connection with FIGS.

8-10. The polysilicon layer 520, the oxide layer 530 and the
polysilicon or metal layer 540 may then be removed from the
upper surfaces 5340, as shown 1n greater detail in FIG. 16. The
layers 520, 530 and 540 may be removed using chemical-
mechanical planarization.

Turning to FIG. 17, a surface oxide layer 550 may be
deposited on a surface 350 and patterned using a photoresist
(not shown) to form an etch-stop layer to form a plurality of
protrusions 590 that extend through the surface oxide layer
550 to the second source/drain regions 326. A metal layer 570
1s then deposited on the surface oxide layer 550 that extends
downwardly 1nto each of the protrusions 590 to electrically

couple the second source/drain regions 326, forming the data
lines YD1, YD2 .. . YDN described 1n detail in connection

with FIGS. 8-10.

From the foregoing 1t will be appreciated that, although
specific embodiments of the mvention have been described
herein for purposes of 1llustration, various modifications may
be made without deviating from the spirit and scope of the
invention. For example, certain features shown 1n the context
of one embodiment of the invention may be incorporated into
other embodiments as well. Accordingly, the invention 1s not
limited by the foregoing description of embodiments except
as by the following claims.

What 1s claimed 1s:

1. A non-volatile memory device, comprising:

a memory array formed on a substrate having a plurality of
columnar structures and associated intervening
trenches; and

a plurality of memory cell structures, each memory cell
structure comprising,

a first field effect transistor having a first and second
source/drain regions, wherein the first field effect
transistor 1s formed vertically on a first sidewall of a
trench,

a second field effect transistor having a first and second
source/drain regions, wherein the second field effect
transistor 1s formed on a second sidewall of the trench
where the first sidewall of the trench and the second
sidewall of the trench are opposing sidewalls of the
trench, and

a floating gate structure formed 1n the first and second
field effect transistors and 1s common to both the first
and second field effect transistors, wherein the float-
ing gate structure 1s spaced apart from a channel of'the
first field effect transistor by a first distance and from
a channel of the second field effect transistor by a
second distance where the second distance 1s greater
than the first distance.

2. The non-volatile memory device of claim 1, wherein a
first insulating layer 1s formed between the channel region of
the first field effect transistor of each memory cell structure
and the common floating gate structure having a first thick-
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ness and a second insulating layer 1s formed between the
channel of the second field effect transistor of the memory
cell structure and the common floating gate structure having
a second thickness, the first thickness being less than the
second thickness.

3. The non-volatile memory device of claim 1, wherein a
common control gate to the first and second field effect tran-
sistors 1s formed 1n the trench.

4. The non-volatile memory device of claim 1, wherein a
source/drain region of the first field effect transistor and a
source/drain region of the second field effect transistor of
cach memory cell structure are coupled to a drain line.

5. A memory cell structure, comprising:

a first field effect transistor having a first and second
source/drain regions formed vertically on a first sidewall
of a trench,

a second field effect transistor having a first and second
source/drain regions formed vertically on a second side-
wall of the trench wherein the first sidewall of the trench
1s opposite the second sidewall of the trench, and

a common floating gate structure formed 1n the first and
second field effect transistors, wherein the floating gate
structure 1s spaced apart from a channel of the first field

cifect transistor by a first distance and from a channel of

the second field effect transistor by a second distance
where the first distance 1s less than the second distance.

6. The memory cell structure of claim 3, wherein the first
field effect transistor 1s formed vertically on a sidewall of a
first columnar structure and the second field effect transistor
1s formed vertically on a sidewall of a second columnar struc-
ture.

7. The memory cell structure of claim 5, wherein a first
insulating layer 1s formed between the channel region of the
first field effect transistor and the common floating gate struc-
ture having a first thickness and a second 1nsulating layer 1s
formed between the channel of the second field effect tran-
s1stor and the common floating gate structure having a second
thickness, the first thickness being less than the second thick-
ness.

8. The memory cell structure of claim 5, wherein a com-
mon control gate 1s formed 1n the trench and coupled to the
first and second field effect transistor.

9. The memory cell structure of claim 5, wherein the sec-
ond source/drain region of the first field effect transistor and
the second source/drain region of the second field eflect tran-
sistor are coupled to a drain line.

10. A system, comprising:
a processor coupled to at least one memory device, wherein
the at least one memory device comprises,

a memory array formed on a substrate having a plurality
of columnar structures and associated intervening
trenches, and

one or more memory cell structures, each memory cell
structure comprising,

a first field effect transistor having a first and second
source/drain regions, wherein the first field effect
transistor 1s formed vertically on a first sidewall of
a trench, and

a second field effect transistor having a first and sec-
ond source/drain regions, wherein the second field
clfect transistor 1s formed on a second sidewall of

the trench where the first sidewall of the trench and

the second sidewall of the trench are opposing side-
walls of the trench,
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wherein a floating gate of the first field effect transis-
tor 1s coupled to a tloating gate of the second field
effect transistor at the bottom of the trench, and

wherein the floating gate of the first field effect tran-
sistor 1s spaced apart from a channel of the first field
clfect transistor by a first distance and the tloating
gate ol the second field effect transistor 1s spaced
apart from a channel of the second field effect tran-
sistor by a second distance where the first distance
1s less than the second distance.

11. The system of claim 10, wherein a first insulating layer
1s formed between the channel region of the first field effect
transistor of each memory cell structure and the common
floating gate structure having a first thickness and a second
insulating layer 1s formed between the channel of the second
field effect transistor of the memory cell structure and the
common floating gate structure having a second thickness,
the first thickness being less than the second thickness.

12. The system of claim 10, wherein a common control
gate to the first and second field effect transistors 1s formed 1n
the trench of each memory cell structure.

13. The system of claim 10, wherein a source/drain region
of the first field eflect transistor and a source/drain region of
the second field effect transistor of each memory cell struc-
ture are coupled to a common drain line.

14. A non-volatile memory device, comprising:

a memory array formed on a substrate; and

a plurality of memory cell structures, each memory cell
structure formed 1n a trench and comprising,

a first field effect transistor having a first channel region
formed on a first sidewall of a trench,

a second field effect transistor having a second channel
region formed on a second sidewall of the trench
opposite the first sidewall of the trench, and

a floating gate structure that 1s common to both the first
and second field effect transistors, wherein the com-
mon floating gate structure 1s spaced apart from the
first channel of the first field effect transistor by a first
distance and from the second channel of the second
field effect transistor by a second distance where the
first distance 1s less than the second distance.

15. The non-volatile memory device of claim 14, wherein
the first and second field etfect transistors of each memory
cell structure further comprise a first and second source/drain
regions.

16. The non-volatile memory device of claim 14, wherein
the trench 1s formed between two columnar structures.

17. The non-volatile memory device of claim 14, wherein
a control gate coupled to the first and second field effect
transistor 1s formed in the trench.

18. A memory cell structure, comprising:

a first field effect transistor formed vertically on a first
sidewall of a trench having a first and second source/
drain region and a first means for forming a channel;

a second field effect transistor formed vertically on a sec-
ond sidewall of the trench opposite the first sidewall of
the trench having a first and second source/drain region
and a second means for forming a channel; and

a means for storing a charge formed 1n the first and second
field effect transistors, wherein the means for storing a
charge 1s spaced apart from the first means for forming a
channel by a first distance and from the second means for
forming a channel by a second distance where the first
distance 1s greater than the second distance.
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